zinc-coordinating residues. The basic residues between the sixth and seventh zinc-coordinating residues are shown in red, and the basic residues at the carboxyl end of the PHD fingers in blue. The alignment was generated with MegAlign in the DNASTAR program. (F) Identification of basic residues in the PHD fingers of ING1 and ACF that are essential for PtdIns(5)P binding. The indicated recombinant GST-fusion proteins (1 g/ml) were tested for binding to PtdIns(5)P as described in (C).
ING2 (PHD-K58A/R60A) ). This is also consistent with our model, The PHD Finger Is a General PtdInsP Binding Module which predicts that these amino acids lie on a different face of the PHD finger and are not positioned to interact As shown in Figure 2D , several different PHD fingers from other proteins bind PtdInsPs, but with varying affinwith the PtdInsP head group (Figure 2A ).
Finally, we tested whether the basic residues at the ities and specificities. The PHD fingers of ACF and MLZF bound only to PtdIns(5)P, while the PHD fingers of ING1 C-terminal end of the PHD finger ( Figure 2E , blue residues) also function in PtdInsP binding. Binding to and WSTF bound to both PtdIns(3)P and PtdIns(5)P and that of AIRE bound most strongly to PtdIns(3)P (Figure PtdIns Figure 5D ; quantitated in 5E).
As controls for the quality of the biochemical fractiondefective in inducing cell death ( Figure 6B ). This inability of ING2 (Znmt) and ING2 (3Kmt) to induce p53 acetylation and ation and protein sample loading, the cytosolic protein caspase-9 and histone H4 are detected only in the exapoptosis is unlikely due to a general disruption of ING2 protein structure, since both IVT mutant proteins, like pected fractions, and HDAC1 is detected in all three fractions ( Figure 5D ). PIKII␤ overexpression did not wild-type IVT ING2, interacted with GST-ING2, but a control protein (IVT PIAS1) did not ( Figure 6C ). These change total ING2 protein levels ( Figure 5F) Figure 6D ) and the activity of poside-induced apoptosis nearly as well as PHDX3 (Figacetylation and expression of p21 (Figure 6F ). In ING2 ure 7A). In contrast, Fas-ligand induced apoptosis was RNAi-treated cells, both these effects were significantly unaffected by the PHDX3 and ACF(PHD)X3 fusions. reduced ( Figure 6F ; for quantitation see Supplemental Overexpression of the PHDX3 and ACF(PHD)X3 Figure S3 ). Loss of ING2 had no effect on baseline p21
PtdInsP binding modules also inhibited etoposidelevels or etoposide-induced increases in total p53 levels mediated acetylation of p53 and p21 protein induction ( Figure 6F ). We conclude that in HT1080 cells, endogecompared to GFP control, PHD(Znmt)X3 and nous ING2 protein plays a critical role in p53-regulated PHD(3Kmt)X3 ( Figure 7B ; for quantitation see Suppleapoptotic pathways.
mental Figure S3 ). We note that the different GFP fusion proteins were expressed at similar levels, though GFP alone protein was expressed significantly better (the The Isolated PHD Finger Has Dominant-Negative Activity on ING2 Function difference in expression was not due to differential transfection efficiency, see Experimental Procedures; We next explored whether PtdIns(5)P is required for ING2 function. We reasoned that overexpression of Figure 7B ). Together, our data argue that the triple tan- . A specific function for treated cells to levels slightly higher than control RNAiPtdIns(5)P, however, has not been previously described. treated cells ( Figure 7D) . Notably, reconstitution with Our in vitro data suggest that the preferred substrate wild-type mING2, but not mING2 (Znmt) or mING2 (3Kmt) , refor the PHD finger of ING2 is PtdIns(5)P. However, since stored etoposide-induced p53 acetylation and p21 proin vivo, PtdIns(4)P is ‫-02ف‬fold more abundant than tein expression to the levels seen in the HT1080 control
PtdIns ( provide biochemical evidence that the PHD finger co-IPs In cells overexpressing PIKII␤, the ability of ING2 to endogenous PtdIns(5)P or PtdIns(3)P but not PtdIns(4)P induce p53 acetylation, p21 protein and apoptosis were (Figure 4) . Together, the data demonstrate that PtdIns(5)P significantly diminished ‫)%05ف(‬ (Figures 7F and 7G 
